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Protein preparation
Plasmid DNA encoding either C. eugametos CtrHb, C. reinhardtii THB1, Synechococcus sp. PCC 7002 GlbN or Synechocystis sp. PCC 6803 GlbN (and variants thereof) was used to transform E. coli BL21(DE3) cells, which were then grown at 37 °C for ~24 h on minimal medium plates. Transformant colonies were used to inoculate minimal medium (M9) starter cultures (~60-100 mL) and grown for an additional ~24 h at 37 °C. At this point, the starter culture was divided into fourths and used to seed 4 × 500 mL M9 expression cultures. To produce uniformly 15 N-labeled protein, 15 NH 4 Cl (Sigma) was used as the sole nitrogen source. For C. eugametos CtrHb, C. reinhardtii THB1 and Synechocystis GlbN, expression cultures were allowed to continue growing until an O.D. (550 nm) ~ 0.8 -1.0 was achieved. Overexpression was induced by addition of 0.5 mM (final concentration) IPTG (Santa-Cruz Biotechnology), and was allowed to continue for ~5-8 h prior to cell harvesting by centrifugation. In the case of Synechococcus GlbN, leaky overexpression occurs and the IPTG addition step is not required. Harvested cells were frozen at −20 °C until further use.
The recombinant hemoglobins expressed in this manner partitioned primarily into inclusion bodies. Cells were lysed by sonication; soluble and insoluble fractions were separated by centrifugation, and the lysate was discarded. Inclusion bodies were solubilized in ~8 M urea (50 mM Tris, 1 mM EDTA, pH 8) and passed over a G-50 size exclusion column to achieve apoprotein refolding and purification. Fractions deemed pure by SDS-PAGE were pooled and reconstituted with porcine hemin (> 98%, Sigma) to generate ferric holoprotein. Passage of the resulting solution over an anion exchange (DEAE) column removed any excess heme and resulted in > 95 % purity in the pooled protein samples. Buffer exchange (into ~1 mM phosphate, pH ~7) was achieved using an Amicon ultrafiltration unit and Millipore YM3 membrane (molecular weight cut off = 3 kDa). The pooled samples were concentrated to ~20 mL and protein concentration was assessed by optical spectroscopy as reported previously. Typical yields of recombinant hemoglobins were ~25-50 mg/L culture. Samples not used immediately for NMR spectroscopic studies were lyophilized and stored at −80 °C until needed.
A similar protocol was used for the expression and purification of 15 N-labeled rat microsomal cytochrome b 5 . Following overexpression in E. coli BL21(DE3) cells, recombinant cytochrome b 5 primarily partitioned to the soluble fraction. An excess of hemin was added to the raw lysate in order to produce ferric holoprotein. Following the heme binding step, ferric cytochrome b 5 purification was achieved via DEAE anion exchange chromatography followed by G-50 sizeexclusion chromatography. Apo cytochrome b 5 was prepared from ferric holoprotein using an acid-butanone heme extraction procedure (1:1 H 2 O/butanone, pH 2.5, 4 °C) followed by extensive dialysis and buffer exchange to remove residual butanone. Optical absorbance measurements on the resulting apocytochrome b 5 sample confirmed that > 99% of the heme had been removed. Data points from an individual experiment series were collected in random order, normalized according to the maximum signal intensity, and plotted (black circles). For each data set, the non-linear least squares best fit curve is shown with a red line. In most cases, the fitting errors were < 1%, however the errors reported for each 2h J NN value combines an estimate for the with n H set to 1. The estimated apparent pK a of H113 is ~5.7, a value in good agreement with that obtained for the solvent exposed cap in a consensus three-repeat AR protein (pK a = 5.7). 
